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This invention relates fo the production of 
pyrrole, alkyl substituted pyrroles and corre- 
sponding hydrogenated compounds. 
Pyrrole has been produced by the vapor phase 
reaction ai elevated temperatures of furan with 
ammonia in the presence of alumina (Yur'ev, 
Ber. 69, 440 (1936)) and N-methyl pyrrole has 
been produced sirnilarly by the reaction of furan 
with methyl arnine (Yur'ev, J. Gon. Chem. 
(U. S. S. 1%.) 8, 1936 (1938)). Generally, sub- 
stantially anhydrous reactants have been em- 
ployed. Such rnethods result in low conversions 
to and low yields of the pyrrole compound and 
the effective lire of the catalyst is extremely short. 
Thus, Wilson (J. C. S. 1945, 63) in checking the 
method of Yur'ev for producing pyrrole round if 
necessary to reactivate the catalyst after each 
grarn rnole of furan used andby so doing the con- 
version to pyrrole was 20% and the yie]d 32%. 
The present invention relates to an improvement 
of the above rnethods. 
If is. an object of the invention to provide an 
improved rnethod for preparing pyrrole, sub- 
stituted pyrro]es and corresponding tetrahydro- 
genated cornpounds. A further object is to pro- 
vide a rnethod whereby ïuran, substituted ïurans 
and the corresponding tetrahydro furans rnay be 
reacted in the vapor phase with arnmonia or pri- 
rnary arnines in the presence of an a]urnina 
cata]yst to obtain pyrrole, substituted pyrroles or 
the corresponding tetrahydro cornpounds in irn- 
proved conversions and yietds and with good cata- 
lyst lire. Still other objects wfl] be apparent 
from the fo]]owing description. 
The above objects are accornp]ished in accord- 
ance with the invention by reacting furan, an 
a/kyl substituted furan or a corresponding tetra- 
hydro furan in the vapor phase at elevated tem- 
perature with arnrnonia or a prirnary arnine in 
the presence of an a]umina dehydration catalyst 
and in the presence of added stearn. I have dis- 
covered that the presence of added stearn has a 
decidediy beneficial effect in improving conver- 
sions and yields and in increasing cata]yst ]fie. 
The amount of stearn added rnust be substan- 
tia], i. e., at least one rnole per rnole of furan, 
substituted  fUran or tetrahydro furan compound 
in order for there to be any worthwhfle irnprove- 
ment in resu]ts. General]y, it wfll be desirab]e 
to ernp]oy at least 3 rnoles and preferably from 6 
to 20 moles of added stearn. Under the preïerred 
conditions excellent conversions and yields are 
possible» by-product ïorrnation is great]y reduced 
and:. the catalyst liïe is increased rnany rimes 
when:fUran compounds are reaced. Stfll lxgez 
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Examgl¢l 

The reactor consisted of an upright eleetrically 
heated 1.5 in. diameçer iron pipe 60 in. long Pro 
vided with an inner therrnocouple well extendifig 
the length of the tube. About 913 ce. of 8-1 rnesti 
15 gamma alumina gel catalyst wS pl-aced irito the 
lower section and on top of the ctalyst there:was 
a 15 in. section of porCelain chips which ser-ved 
as a vaporizer and preheater. The catalyst, which 
had been used in a previous run, was reactivated 
2{} fer use in this run by passing a stream of air 
through it at about 550-600 ° C. until aH hot spots 
disappeared. Tubes were provided for feeding 
reactants int,. the top, and the bettorn of the 
actor was connected to a recovery system consis- 
25 ing of an ice-cooled receiver connected thr0ùgh 
water-cooled reflux condenser o wo traps Coelëd 
by a trichloroethylene-solid carbon dïoxlde Coel- 
ing bath. The last trap was vented to the atmoS- 
phere. 
30 In starting the run, a stream Of amrnonia and 
steam was passed through the reactor until de- 
sired temperature conditions werereached. Th'en 
the required amount of furan waS fed along with 
the other rnaterials. At the end of the run, ám- 
35 monia and steam were allowed to fl0w for a tihïe 
after, the furan had been shut off in order to sweep 
out organic rnaterials as rnuch as possible frorm 
the catatyst belote shutting dewn. During the 
214 minutes when furan was being, fed; totals.of 
4O 
4.2 rnoles furan and 14.2 rnoles amrnonia in 1.8 
moles water were fed separately and af uniforrn 
rates. The catalyst and preheater sections of the 
reactor were rnaintained at a ternperature of. 
45 380-410° C. The rnole ratios of furan- : 
were 1.0 : 3.4 : 
Product collected in the icecooled  receiver 
consisted of v¢ater, arrnrnonia, furan, pyrrole ad 
unidentifled high boiling products Material , col- 
50 lected in the two trapS consisted only oï fUram: 
and-amrnonia. There were-recovered from the:re: 
action products by distillation rnethods 2.35rnoles 
pyrrole and 0.36-rno!e unused furan. The conVér- 
sion fo andyiekl of pyrrole were 56.0% and 6'I.2 
55 respectively. 

2 
amounts of steam may be used but amoun 
greater than about 25 moles per moie of fiiran or 
]ike cornpound are not recornrnended for econ6mic 
reasons. 
The invention is further illustrated by the fol- 
lowing examples in which all moiar am0u:nts 
stated refer to grarn moles. 
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Exaple 2 water, respectively, were fed. The mole ratios 
Example 1 was repeated at 485-500 ° C. and at were 1.0 : 2.7 : 12.9. The reaction products in- 
feed ratios of furan : NH3 : H20 of 1.0 : 1.8 : 9.3. cluded 3.64 mo]es furan and 1.20 mo]es N-methyl 
The moles of furan, NI and I-I20" fed during 84 pyrrole, corresponding to a conversion and yield 
minutes were 5.22, 9.6 and 48.5, respectively. 5 of2O.4%and53.6%,respectively. 

There were recovered 0.5 mole furan and 3.23 
moles pyrro]e, corresponding to a conversion to 
and yield of pyrro]e of 61.9% and 68.6%, respec- 
tively. 
Ex.ample 3 
Example 2 was repeated using the same catalyst 
without reactivation at 480-490 ° C. The dura- 
tion of the run was 98 minutes and the moles of 
furan, ammonia and water fed were 5.88, 10.6 and 
53.6, respectively. The recoveries of furan and 
pyrrole were 1.28 moles and 3.70 moles, respc- 
tively. The conversion to and yield of pyrrole 
were 63.0% and 80.5 %, respectively. 
The results of Examples 2 and 3 show that 
yields are substantial]y higher when employing 
catalyst which bas been used in a preceding ru_u, 
without reactivating it, although there is no sub- 
stantial difference in the conversions obtained. 
Other sirnflar pairs of runs at temperatures rang- 
ing from 420 ° C. up to about 500 ° C. shoved the 
saine phenomenon, i. e., that whfle the conver- 
sions in the two runs of each pair remained about 
the saine, the yield in the second run of each pair 
in which the catalyst was reused without reacti- 
vation, was about 6-12% higher. It was observed 
that the amount of furan recovered in the ]ast 
of each pair of runs was substantially greater 
than in the first run, indicating that freshly re- 
activated catalyst (used in each of the first runs) 
causes more condensation or polymerization to 
occur than does used catalyst. 
Example 4 
Example 2 was repeated using nitrogen in place 
of steam at 485-500 ° C. The moles of furan, am- 
monia and nitrogen fed in 95 minutes were 5.88, 
11.2 and 50.1, respectively, the mole ratios being 
î.0 : î.9 : 8.5. The conversion to and yield of pyr- 
role were î6.8% and 22.0%, respectively, based 
on furan. At the end of the run, the catalyst was 
round tobe badly contaminated with by-produit 
materials. In reactivating it in the manner in- 
dicated in Example 1, the 'air had fo be admitted 
very slowly otherwise the temperature rose 
rapidly to a detrimentally high point. 
The results of Examples 2 and 4 show that the 
beneficial action of steam is hot due so]ely to ifs 
diluent effect. Apparently, the steam functions 
primarily to prevent or greatly inhibit the forma- 
tion of polymerization or condensation products 
which tend fo deposit on and foul the catalyst. 
Such inhibition of catalyst fouling is hot realized 
fo any substantial extent vhen using nitrogen 
in place of steam. 
Example 5 
Example î was repeated at a temperature of 
365-390 ° C. using 5.88 moles furan, 14.86 moles 
methyl amine (instead of ammonia) and 84.2 
moles water during 4 hours 16 minutes. The mole 
ratios of furan : CINH2 : HO were î.0 : 2.5 : 14.3. 
The catalyst had been freshly reactivated by 
means of air at about 550-600 ° C. Reaction prod- 
ucts included 3.58 moles furan and 1.10 moles N- 
methyl pyrrole. The conversion was 18.7% and 
the yield 47.8%. The run was repeated at 375- 
400 ° C. for another 4 hours l0 minutes without 
reactivating the catalyst, during which rime 5.88, 
15.65 and 75.6 moles fura.n,, methyl amine and 

Example 6 
This run was simflar to that of Example 5 
cept that a smaller reactor containing 400 cc. of 
10 catalyst was used, the temperature was 420-440 ° 
C. and no steam was added. There were fed dur- 
ing 4 hours 40 minutes, 6.26 moles furan and 
17.16 moles methylamine, the mole ratio being 
1.0 : 2.7. There were recovered 3.88 moles furan 
15 and 0.39 mole N-methyl pyrrole, corresponding 
fo a conversion and yield of 6.2% and 16.4%, re- 
spectively. In a repeat run at 370-405 ° C. in 
which steam was added and 9î3 cc. of cata]yst 
was employed, there vere passed 5.88, 1.29 and 
2o 73.5 moles of furan, methyl amine and water, 
spectively, during 3 hours 38 minutes. The mole 
ratios of furan : methyl amine : HO were 
1.0 : 2.2 : 11.0 
25 There were recovered 1.47 moles ïuran and 2.13 
moles N-methyl pyrrole, corresponding to a con- 
version and yieId of 36.2% and 48.3%, respec- 
tively. 
Ex.ample 7 
30 
This run was simflar to the first run of Exam- 
ple 5 in that freshly reactivated catalyst was used, 
but differed therefrom in employing an excess 
of furan. The mole ratios of 
35 furan : CIt3NH. : tIO were 2.9 : 1.0 : 10.3 
The temperature was 380-405 ° C., the rime 2 hours 
l2 minutes; and, 12.6, 4.30 and 44.1 moles furan, 
methyl amine and water were fed. The N-methyl 
40 pyrrole obtained corresponded fo conversions of 
17.3% and 48.0% and yie]ds of 56.2% and 48.0%, 
respectively, based on furan and methyl amine. 
The yield based on the amine assumed complete 
consumption oï all of the amine fed since no re- 
45 covery of unused amine was attempted.. 
ExampIe 8 
This example was similar to the first run of 
Example 5, except that ammonia and methanol 
.5 were used in place of methyl amine. The mole 
ratios of furan : NHs : CI-IOH : H20 were 
î.0 : 2.5:3.0 : 9.8 
and the moles fed wm'e 6.36, 15.6, 19.1 and 62.4, 
55 respectively. The temperature was 400-440 ° C. 
and the rime 4 hours 8 minutes. The N-methyl 
pyrrole produced corresponding to a conversion 
of 11.9% and a yield of 23.5%, based on furan. 
60 Example 9 
Example î was repeated at 345-355 ° C. using 
tetrahydro furan (in place of furan), ammonia 
and water in mole ratios of about î.0 : 2.1 : 7.4. 
The moles of the above materials fed in 297 min- 
(,5 utes were 12.5, 25.8 and 92.4, respectively. The 
5.51 moles tetrahydro furan and 4.29 moles pyr- 
rolidine recovered corresponded fo a conversion 
of 34.3% and a yield of 6î.4%. 
7o Example I0 
Using reactivated gamma alumina gel at 365- 
400 ° C. a 28.1% conversion to and a 43.7% yield 
oI 2-methyl pyrrole were obtained when 4.46 moles 
2-methyl furan, 21.0 moles ammonia and 50.8 
75 moles water were fed to the reactor oI Example 1 



 during 92 .minUtes.. The mole-feedratios=of 2- 
methyl furan : NH3 : H20 were 1.0 : 4.7 : 1.1ï4. 
A' lïrge excess f either the' f.uran  (or. tetra- 
 hydro furan) compound or amoia (or pry 
amie) may be ed. en.aoa is ed, 
an excess thereof is prefelTed for economic  rea- 
sons. en reactg a prima amine,»itmay be 
 more-econocl fo employ an excess f, for "ex- 
ample, furan.  excess of more han bout 
'300% 0f either type of.reactantis generaliynot 
recommended, althouEh he"amount of the'excess 
'ïS' not critical and will be governed chiefly bythe 
economics involved in each case. 
One of the chief-advantages-resultg from 
the. presence of ddedsteam ïs the ïmprovement 
  conversion and yield. Such improvement is 
generally greatest when a furan type compoun 
'"b Teacted, although sùbstatial prove- 
"m-ent lso relts  the case of the correspond- 
ing etrahydro compounds. With thefuran type 
reactan, a further important advantae is the 
improvement  catalyst life resulting from the 
use of steam. No sificant advantage in this 
respect is reized in the case of the tetrahydro 
reactns since wih such compounds catast le 
is good even in the absence of added steam. 
cordgly, the present invention may be practiced 
advantageoly with either type of reactan but 
maximum improvements over prior mehods are 
obtainable when furan type compounds are used. 
e maxim effect of dded steam on cata- 
lyst le  the preparation of, for example, pyr- 
role and N-methyl pyrrole, has hot been estab- 
lhed but contuous use of a catalyst over an 
18 hour period with no subsantial decrease in 
catyst activity has been demonstrated. Rates 
of production on the order of 170 g. prole d 
90 g. N-methyl prole per hour per lier of 
lyst have been realized. In general, contact rimes 
within the range 0.5 o 10 seconds are satisfac- 
ry although indications are hat contac rimes 
over a considera.bly wider range may be employed 
successfully. 
Pressure is hot critical and sub- or superatmos- 
pheric essures may be used if desired. Opera- 
tion at about atmospheric pressm-e is preferred. 
In general temperatures of about 250-600  C. 
are operable, although the operable and pre- 
ferred temperature ranges vary somewhat de- 
pending on the specc reactants used. Thus, 
with the furan type reacaus, a more satisfac- 
 temperature range is 300-600  C., the pre- 
ferred range beg 350-500  C.; wheres with he 
tetra.hydro furan type reactants, a range of 
250-500  C., and preferably 300-400  C., is rec- 
ommended. With the former, reaction is slight 
below 300  C. whereas with he latter compounds 
decomposition reactions end to become exces- 
sive above about 500  C. 
Aluma dehydration te catalysts in general 
may be used but best results are obained em- 
ploying the gaa ype aluminas since they are 
considerably more active as catalyses for the 
present reactions. 
The above examples have illustrated spec- 
cally the use of fan, 2-methyl furan and tra- 
hyo furan as reactan. In place thereof, 
rivativ of furan or tetrahydro furan in which 
one or more hydrogen atoms hve been replaced 
by ayl radicals may be used. Specific suitable 
compounds hot shown in the examples are 
ethyl furan, 2,5-dimethyl furan, 2-methyl-5- 
etl furan, 3-methyl furan, 2-methyl tetrahy- 
dro furan 2-ethyl tetradro furan, 2,5-detl 
trahydro furan, 2-methyl-5-ethyl tetrahydro- 

furan and 2prOlYl ,tetrahy0"Uan. The un- 
sbstituted ,compounds, :particularly .furan, 
preferred. Of the alkyl substituted compounds, 
those in -which,.iach.,substituent,,group contains 
not more than-2 cabon ïtoms ad especially 
those cèmpounds which contain a total 
morehn 6 carbon atomsare p«eferred. 
Vhen animonia - is ,a .reaCtant  thereare 
tained pyrrole or.pyrrolidine compounds contain- 
ing a hFdrogen atom on the ring nitrogen .atom, 
vhereas.when a primary-amine is used theprod- 
ucts :are primarily-NïSubstitited pyrr01ès or 
pyrr01idines. Suit«ble primary amine reactants 
are the primary' Lkl-amlneain Which the NH-- 
group may ,be attached to either, a primary, ,sec- 
ondary or tertiary carbon atom. Illustrative-of 
hese. are ,metllamine, ethylamine, .the(propyl- 
amines, the buty.lamines,:etc. -ArF1, ..arIkyt:and 
alicyclic amines such as aniline, benzylamine and 
cyclohexylamine may ,also be used. ,The:lower 
primary alkyl amines, i.-'e, those containingnot 
more than 5 carbon atoms, and particularly the 
lower normal primary amines are ireferred. 
It is generally desirable to avoid mixing the 
reactants, especially in the liquid phase, before 
they enter the reactor. This is particularly true 
when furan or a substittued muran is used, since 
such compounàs tend to polymerize in the pres- 
ence of ammonia or amines. 
The products obtained by the present method 
are useful as chemical intermediates in the pro- 
duction of dyes, antiseptics and perfumes. 
I claire: 
1. The method of Producing a compound of the 
group consisting of Pyrroles and substituted pyr- 
roles, comprising reacting a heterocyclic com- 
pound of the group consisting of furan and alkyl 
substituted furans in the vapor phase with a com- 
pound of the group consisting of ammonia and 
primary amines at an elevated temperature in 
the presence of an alumina dehydration catalyst 
and of at least one mole of added steam per mole 
of said heterocyclic compound. 
2. The method of claire 1 wherein a gamma 
alumina catalyst is used. 
3. The method of claire 2 wherein the reaction 
is carried out at a temperature of 300 to 600 ° C. 
4. The method of producing pyrrole compris- 
ing reacting furan in the vapor phase with am- 
monia at 300-600 ° C. in the presence of an alu- 
mina dehydration catalyst and of at least 1 mole 
of added steam per mole of furan. 
5. The method of claire 4 wherein a gamma 
alumina catalyst is used. 
6. The method of claire 5, wherein the tem- 
perature is 350-500 ° C. and 6-20 moles of steam 
are present Per mole of furan. 
7. The method of producing an N-alkyl pyr- 
role comprising reacting furan in the vapor phase 
with a lower primary alkyl amine at a tempera- 
ture of 300-600 ° C. in the presence of an alumina 
dehydration catalyst and of at least 1 mole of 
added steam per mole of furan. 
8. The method of claire 7 wherein a gamma 
alumina catalyst is used. 
9. The method of claire 8 wherein the tem- 
perature is 350-500 ° C. and 6-20 moles of added 
steam are present per mole of furan. 
10. The method of claire 9, wherein the amine 
reacted is methylamine. 

CHARLES A. BOIDNER. 
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